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Foreword 


Confucius 

Developing creativity through science teaching has been a 
major dream of science teachers. Traditional classroom works 
more or less as an information exchange house where teacher 
is supposed to pass certain information to the students. This 
may not result in developing creativity in the student. How 
can we make the learning system creative? 

A child gets a lot of information about the importance of 
trees in the class. S/he memorizes it also. In the examination 
s/he can beautifully reproduce the memorized information. 
But often it is found that when s/he goes outside, s/he picks 
up a plant and starts playing with it forgetting the importance 
of the plants learnt in the class. S/he has full information, 
but there is no evidence of the desired change in her/his 
behaviour. S/he is neither emotionally attached with the trees 
nor s/he is able to get skills related to identification of trees, 
leaves, fruits and seeds. A skill can only be learnt by actual 
hands on practice. One can never learn driving, stitching 
or cooking by mere reading or getting some information in 


I hear, and I forget. 

I see, and I remember. 
I do, and I understand. 
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the class. One has to do actual driving, stitching or cooking. 
Without performing those activities one can never learn the 
art of doing those activities. These days before one actually 
goes for driving, one can be subjected to simulation exercise, 
which prepares them to get ready for actual driving in a 
better way. 

In the activity-based learning, the learners either as an 
individual or as a group are engaged in performance of 
certain activities. These activities are basically planned action 
as per certain rules whose performance may help in better 
understanding of the matter leading to desired change in 
their behaviour. Here teachers merely act as facilitators. 
They only provide a blueprint of how the activity has to be 
performed. Learners are expected to perform those activities 
and record their observations in the desired format. Active 
participation in the process of conducting the activity and 
recording their observations helps the learner in reflecting on 
the issues involved and thus the context is better understood 
which leads to better behaviour modification. 

Activity-based learning is the acquirement of schematic 
concepts through activities that involve the task or concept 
to be learned. It provides a framework for the traditional 
concept of 'learning by doing. Activity-based learning 
environment prepares learners to be autonomous, critical 
thinkers and knowledge constructors. There is also an evident 
enhancement of learners’ understanding of the content, 
interpersonal skills, aptitude to engage in group activities 
and capability to relate the topic to real-life situations. This 
learning approach also possesses the potential of developing 
the experience and confidence of teachers through a 
collaborative approach for building a positive teaching¬ 
learning environment. 
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Now the question arises as to how to design proper 
activity-based learning for learning science. At present, 
generally, our approach is to emphasise more on facts and 
concepts. There is little room for creativity and creative 
writing. However, if the science is taught as a process 
of observing and gathering information directly from 
nature then the whole process may have enough space for 
incorporating creativity. In science investigations, it is not 
the questions that are most creative, but rather how the 
experiment is measured and how the data are interpreted, 
given meaning and how students see the investigation as a 
component in understanding a scientific problem. 

In fact, science is not a set of facts and vocabulary to 
memorize or a lab report with one ‘right’ answer, it should be 
seen as an ongoing journey, a quest for knowledge about the 
natural world. In the quest to make sense of the natural world, 
learners should think of new ways to approach problems, 
figure out how to collect meaningful data and explore what 
those data could mean. They should approach each task as a 
new problem, which they are approaching for the first time. 
So they should not look for any predetermined answers. If 
their observation does not match with the traditional answer, 
the learners should look into the causes of difference rather 
than considering the observation to be incorrect. 

Such ability of observation does not come automatically. 
Learners should be prepared to raise questions about each and 
every fact and observation. Learners must be taught the art 
of questioning. It is not only important to learn the answer 
of any question, it is much more important to question the 
answer. Art of questioning needs to be made a part of regular 
curricular activity. This would facilitate development of a 
questioning mind, which is the base of a scientific temper. 
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Such questioning ability also helps in pursuing 
ones curiosity. Curiosity guides the way of questioning. 
Questioning guides the nature of observation. Questioning 
also helps in reaching proper interpretation of observed data. 

It is important to note that we should also learn the art of 
artistic presentation of facts. But it should be differentiated 
from representation of science with scientific creativity. Apart 
from developing skills related to aesthetically better ways of 
presentation, learners should also develop art of analysis and 
drawing inference. 

The present book attempts to outline the nature of 
activities to be undertaken for learning Physics, Chemistry 
and Biology. It also gives details of raising botanical gardens 
in schools. It can be used for interactive learning with 
nature. The book also provides format for visit to farms. This 
would give the learner a format for guided observation and 
collection of data. Such visits would prepare children to be 
24 hours’ learner. 

Shri M.H. Ghufran has wide experience of teaching 
science and agriculture in schools. The book is the result 
of deep insights into the teaching and learning process of 
children. 

I hope the book would be popular among students and 
teachers. 


Vijoy Prakash, IAS 
Principal Secretary 
Planning and Development 
Government of Bihar 
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INTRODUCTION 

Mans curiosity to know about the nature is unlimited. He 
wants to know, what is happening around him, why and how. 
Science is the answer to the questions what, why and how 
is happening in the environment. Science is different from 
other forms of knowledge, because it has to meet reality tests 
and experiments. According to J.B. Conaut (1951) “science 
is an interconnected series of concepts and conceptual 
schemes that have developed as a result of experimentation 
and observation and are fruitful for further experimentations 
and observations”. Science is not a technique or a body of 
knowledge, though it uses both. It is rather an attitude of 
enquiry of observation and reasoning with respect to the 
world. 

Science is the systematic study of the Physical, Chemical 
and Biological environment around man. So science has to be 
discovered by observation critical analysis, experimentation 
and generalization. Rousseau has written in Emile , “Let him 
not be taught science. Let him discover it.” But discovery 
method is taxing and demanding on the lab time and teacher. 
So guided discovery method is the possible answer. 

To discover and understand science, a lot of activities 
are to be done by the child, which require the following 
competencies. 
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1. Critical observation—what, when, how and why? 

2. Identification on the basis of observations, in nature 

3. Distinguishing on the basis of physical and chemical 
properties 

4. Classification on the basis of characteristics 

5. Observation analysis of physical and chemical changes 
in nature 

6. Questioning spirit 

7. Infering from observing changes in nature 

8. Identification of problem where proper answer is 
required 

9. Hypothesis formation and writing hypothesis 

10. Experimentation with knowledge of controls and 
variables 

11. Skill for scientific experiments 

Learning science is achieving, the above mentioned 
competencies, without which science learning is incomplete. 

The impact of science and technology is visible everywhere. 
Science has influenced every aspect of life i.e. intellectual, 
vocational, social, economic, political and cultural. Science 
is intimately related to the means of production, mode of 
transport, art and recreation. Every citizen therefore should 
have adequate knowledge about the physical, chemical and 
biological world around him in order to take intelligent 
decisions and for understanding and solving individual as 
well as community problems. Today India is lagging behind 
in the field of scientific research, in spite of increased facilities 
in India such as the Indian Institute of Science, Regional 
Institutes of Science, various Indian Institutes of Technology 
(IITs) and universities all over India. People of Indian origin 
in USA and UK got marvelous achievements in science 
which have been recognized. 
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The main reason behind this lag is that young boys and 
girls are not opting for a career in scientific research though 
they have the potential for it. Bright students are not opting 
for B.Sc, M.Sc and Ph.D courses in science stream. There 
is a great rush for technical and management courses which 
have better employment opportunities. India is going to 
have the highest youth population in the world by 2020, 
thus becoming the largest trained manpower supplier. So 
equipped with adequate knowledge of science, the youth 
population must be ready to contribute to the ever increasing 
field of science and technologies all over the world. Keeping 
in view the importance of science in day to day life and the 
future employment opportunities, science has been kept as a 
compulsory subject up to secondary level. In all the science 
books brought out by National Council for Educational 
Research and Training (NCERT), a lot of stress has been 
given on understanding with the help of proper activities 
and experimentations discouraging mere information based 
learning. 

So an attempt has been made in this book to encourage 
and motivate students and teachers to take the challenge of 
making science learning objective based and activity oriented, 
so that students learn more and take up science as a pursuit. 
If you want to learn science do activities and experiments 
related with the chapter under the guidance of teachers. It 
is the duty of not only teachers but also head masters and 
managers of the schools to see that learning science is activity 
based. 
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NATIONAL SCIENCE CURRICULUM 

“Science should be recognized and taught as a major human 
activity which explores the realm of human experiences, maps 
it methodically but also imaginatively and by disciplined 
speculation creates a coherent system of knowledge.” This 
is a well-known quotation from the policy statement of 
the Association for Science Education. It summarizes the 
nature of science with the implication of development of 
imagination, disciplined speculation and creativity in school 
situation. Based on this concept of science education, there 
have been curriculum renewal movements throughout the 
world especially in USA and UK. 

What is a Curriculum? 

A curriculum is a programme of activities organized in a 
school as means by which a set of learning objectives are 
achieved. A flow chart of curriculum design is given in the 
next page. 


National Curriculum 

The National Curriculum Framework 2005 (published by 
NCERT) specifies the following characteristics of science 
curriculum: 


Aims of Science Education 


NATIONAL SCIENCE CURRICULUM 


5 


-t—» 
0 
'o 
o 
CO 

M— 

o 

c f ) 
"O 

c 

CO 

E 

0 

Q 

o*5 

O 0 


*■8 


co 

o 

"O 

LU 

0 

o 

c 

0 

o 

CO 


-Q 

CO 


0 

"O 

c 

0 

E 

0 

Q 


E O 
o 


o 
0 
0 
> 

o 
0 

° = 

< 

o*5 

0 
O) 
< 
o 

-t—» 

O) 
c 

T5 

L. 

o 
o 
o 
< 



Knowledge, Understanding and Skill 













6 


ACTIVITY-BASED LEARNING SCIENCE 


1. Cognitive validity requires that the content, process, 
language and pedagogical practices of the curriculum 
are age appropriate, and within the cognitive reach of 
the child 

2. Content validity requires correct scientific information 

3. Process validity requires that the curriculum should 
engage the learner in acquiring the methods and 
processes that lead to the generation and validation of 
scientific knowledge and nurture the natural curiosity 
and creativity of the child in science. Process validity 
is an important criterion since it helps the student in 
‘learning to learn science 

4. Historical validity requires that the science curriculum 
be informed by a historical perspective, enabling the 
learner to appreciate how the concepts of science 
evolved over time 

5. Environmental validity requires that science be placed 
in the wider context of the learners environment, local 
and global, enabling him/her to appreciate the issues 
at the interface of science, technology and society, and 
equipping him/her with the requisite knowledge and 
skills to enter the world of work 

6. Ethical validity requires that the curriculum promote the 
values of honesty, objectivity, cooperation, and freedom 
from fear and prejudice, and inculcate in the learner a 
concern for life and preservation of the environment 

Curriculum at Different Stages 

According to the National Curriculum Framework 2005, at 
the primary stage, the child should be engaged in joyfully 
exploring the world around and harmonising with it. The 
objectives at this stage are to nurture the curiosity of the 
child about the world (natural environment, artifacts and 
people), to have the child engage in exploratory and hands-on 
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activities for acquiring the basic cognitive and psychomotor 
skills through observation, classification, inference, etc; to 
emphasise, design, fabrication, estimation and measurement 
as a prelude to the development of technological and 
quantitative skills at later stages; and to develop basic 
language skills: speaking, reading and writing not only for 
science but also through science. 

At the primary stage, and the upper primary stage, the 
child should be engaged in learning the principles of science 
through familiar experiences, working with hands to design 
simple technological units and modules (e.g. designing and 
making a working model of a windmill to lift weights) and 
continuing to learn more about the environment and health, 
including reproductive and sexual health, through activities 
and surveys. Scientific concepts are to be arrived at mainly 
from activities and experiments. 

At the secondary stage, students should be engaged in 
learning science as a composite discipline, in working with 
hands and tools to design more advanced technological 
modules than at the upper primary stage, and in activities 
and analyses on issues concerning the environment and 
health, including reproductive and sexual health. Systematic 
experimentation as a tool to discover/verify theoretical 
principles, and working on locally significant projects 
involving science and technology, are to be important parts 
of the curriculum at this stage. 

At the higher secondary stage, science should be 
introduced as separate disciplines, with emphasis on 
experiments/technology and problem solving. 

Objectives of Science Education 

The objectives of the Nuffield science teaching project are 
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given below. It still holds good. Science education should 
provide: 

1. An essential ingredient in a humane education 

2. An indispensable foundation for adult life and work in 
an increasingly scientific and technological age 

3. A well-grounded understanding of science and not 
knowledge of disconnected facts and information 

4. Encouragement of children to think freely about science 
in the way scientist does 

5. Experimental and practical enquiry for children as a 
means of awakening original and Creative thought 

This set of general objectives directly relates to promotion 
of creative thinking. 

Objective Based Learning & Teaching 

Learning is a process to bring about certain desirable changes 
in the behaviour of the student. So it is important for the 
students and teachers to define these desirable changes in 
the form of what the student is expected to be able to do 
or write at the end of the activities of the lesson. While 
framing objectives, the modern trends of the discipline and 
the facilities available must be taken into consideration. It 
requires clarity of thought, care and a great deal of patience. 

Usually the behavioural objectives answer the question 
“what the pupil will be able to do at the end of lesson”. So 
it is desirable to begin with verbs, such as describe, write, 
identify, estimate, select, compare, interpret, verify, express, 
draw and label, etc. 

The objectives which begin with words such as develop 
understand, feel, appreciate, etc. are vague and difficult to 


measure. 
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If science is read like stories or a write up of scientific 
information, it will not be effective and competencies of 
science as mentioned earlier cannot be achieved. So before 
deciding about the activities in the classroom, environment 
or the lab, objectives of the chapter or learning out-comes 
must be framed and all the activities in the classroom, home, 
lab or the environment must be designed to achieve the 
objectives including competencies of science. 
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TEACHER, NOT THE ONLY SOURCE OF 
LEARNING 


Self-learning Activities 

Self-learning activities are most useful of all forms of 
learning activities. It requires concentration which has to be 
developed gradually. Whenever a new topic is to be learnt, 
it requires reading the same chapter three times. The first 
reading should be general and rapid. The second reading 
should be critical and point wise. During the third reading, 
the important points should be jotted in a note book. The 
hard spots of learning should also be jotted down so that it 
can be solved with the help of teacher or by discussion with 
a friend. Peaceful and congenial atmosphere is essential. For 
self-learning, library and other reference books are always 
essential for effective understanding. Now internet has 
proved to be a great asset. The students must learn to surf 
internet as early as possible preferably in class VI or VII. 

The parents should provide the facilities of internet if 
they can afford it, otherwise a group of parents should come 
together to form a children club having internet facilities. 
The school library should be equipped with internet and 
I-pad facilities and should be available to students even after 
school hours. Home projects are also self-learning activities. 
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It is more useful when it requires observations in the 
environment outside home. Sometimes the study of food 
and spices in kitchen also form interesting projects. Growing 
plants in pots and study of its requirements, etc. is a good 
project work to do at home. Use of programme learning 
materials on various topics of science is a good example of 
individualized learning under the guidance of teachers. 

During self-study you can memorize by adopting three 
types of methods. The best method is reading with full 
concentration and then trying to recapitulate with closed 
eyes. This practice develops understanding. You never forget 
when the topic is well understood. The second method is 
association of unknown things with known things. This 
is a good method to remember. Repeating time and again 
without understanding is never a good method and should 
be avoided. 

If you want to memorize a topic, you should break it 
up into three to five important points, or some times more 
points. Then arrange all points in a sequence, i.e. serial, 
chronological or alphabetical sequence before stacking in 
your brain. Some students make abbreviations or symbol 
codes to memorize. For example ‘CHOPKTNP represents 
Carbon, Hydrogen, Oxygen, Phosphorous, Potassium and 
Nitrogen - the major elements used by plants. 

Peer Group Learning 

Peer group learning is very effective form of learning. It 
should not be at the cost of self-learning it is very effective 
when the group consists of two to four students. When two 
students are involved, both are benefitted. If one is weak in 
any topic or a subject, one should start joint studies with 
his/her friend who is strong in that subject. The teachers 
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and parents should encourage it as a measure of remedial 
teaching. The student who is strong in a particular subject 
attains mastery in that subject while helping his weak friend. 
Peer group learning is not very effective when the group 
is larger than four to five students. Sometimes the teacher 
gives group project work. The students learn a lot while 
doing a group project. The students learn democratic values 
and leadership qualities while doing a group project. In a 
residential school setup, the students learn a lot from their 
seniors as they are always available to solve their difficulties 
in the hostel. 

Teacher Directed Learning 

Listening lecture can only motivate the child if the teacher 
is a good orator. Demonstration and experiments in the 
classroom or outside in the environment should be invariably 
followed by discussions. Visits to farms, factories, botanical 
garden and zoo should be planned for better understanding. 
Proper learning is not possible in the absence of activities to 
be conducted by students only with the help of chalk and 
talk method. 
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METHODS OF LEARNING SCIENCE 

How you learn is certainly as important as what you learn and 
very often you succeed or fail because of the way you learn 
or the way it is taught to you. Teaching learning methods 
have received maximum attention throughout the history of 
education. Students in the age group of 11 to 15 years can 
understand science only when they see the demonstrations 
or do the experiments. So the teaching learning methods 
should be decided according to the mental maturity of the 
student. Teaching should be according to the learning ability 
of the student. There is a common belief that a particular 
method is suitable for teaching learning science, but method 
should not be judged in isolation. Their worth lies in the 
extent to which they facilitate learning and achievement of 
objectives along with competencies. 

Listening Lectures 

Sometimes lectures are very interesting and enchanting 
especially when the teacher is a good orator. I remember 
my teacher of geography in my school used to deliver very 
interesting lecture on life of Eskimo. It was as interesting 
as the National Geographic channel these days. His lectures 
motivated me to learn geography and I always got very good 
marks in geography. There is no doubt that good lectures 
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have great motivating effect but the use of this method in 
science learning is very limited as only 10% learning takes 
place by listening alone. It is a one way method in which 
students don’t take active part and are silent listeners. Most 
of the objectives of science learning cannot be achieved and 
competencies of science cannot be developed. 

Historical Method 

Historical method traces how discoveries were made and 
how experiments led to the establishment of principles. The 
biography and achievements of scientists connected with the 
lesson are very interesting and motivating for the students. 
Some of the success stories of scientists can be dramatized 
and presented by the students. CD or DVD can be prepared 
and can be used in the classrooms time and again. The book 
Inventors Who Revolutionized Our Lives by NBT is very useful 
and should be maintained as a reference tool in the hands of 
every science teacher. 

Question Answer Method 

This is a two way method in which the students are also 
involved. This method is very often used to arouse curiosity 
and inquisitiveness among students in the beginning or 
during the lesson. Curious and inquisitive mind leads the 
students to explore knowledge. The students get ample 
opportunity to express and also ask questions. There is a 
definite role of this method in learning science. 

Discussion Method 

This method is a two way channel in which students are 
given more liberty to express their mind. This method 
is quite effective, when there is subjectivity and ethics 
involved. It is better to write the opinions of students on 
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the blackboard and then come to a logical conclusion. Thus 
it can be used for brain storming. If the students read the 
lesson in advance, only then discussion can be fruitful. This 
method encourages divergent thinking and novel answers 
and ideas from the students should be encouraged. Though 
this is an effective method in teaching learning science, all 
the objectives and competencies cant be achieved. There is 
little scope of practical demonstration, observation, etc. in 
this method. 

Group Discussion 

This method is an offshoot of the discussion method. Small 
groups are formed with a group leader to discuss a topic with 
more freedom and finalize common answer with consensus. 
The group leader or any one student from the group presents 
the given topic in the class. This method requires active 
involvement of the students and increases their confidence 
and power of expression develops. But most of the objectives 
and competencies of science cannot be achieved as there 
is little scope of demonstration or practical work during 
discussion. 

Demonstration Method 

Demonstration is a teacher directed method of learning. The 
teacher demonstrates with the help of small experiments 
either in the classroom or in the environment. It is a method 
of imparting a concept or technique by the teacher. It can 
serve as a point for further discussion in the classroom. 
It is much quicker and efficient. It arouses curiosity and 
proves to be a stepping stone for further classroom work. 
Demonstration requires advance planning. The teacher 
brings all the equipment and teaching aids in the classroom. 
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A lot of experiments have been given in NCERT textbooks 
to be either conducted by the students or to be demonstrated 
by the teacher. But in spite of the detailed instructions given 
in the textbooks, demonstrations are rarely conducted in the 
classrooms even in the so called good schools. The principal 
and the school administration should ensure demonstrations 
in science classes. 

Investigative or Discovery Method 

Investigative or discovery method is the outcome of the 
philosophy of Naturalism. Roseau said that the child should 
not be taught science, let him discover it. The supporters of 
this method believe that an understanding of the nature of 
science and its process is as important as the knowledge that 
comes from research. Bruner argues that discovery organizes 
learning effectively for later use and it is a unique generator of 
motivation and self-confidence. The memory of the findings 
never fades. But discovery method has serious limitations. 
Though it is a self-learning method and lesser involvement 
of teacher is required, it is more time consuming. Specific 
learning outcome cannot be assured within a limited time. 
There is no doubt that discovery method is the best method 
in which the pupil achieves competencies of science, but this 
method is taxing on time and lab. The extent of involvement 
of teacher in this method has always been a matter of debate. 

Guided Discovery Method 

This is also a self-learning method but more dependent 
on teachers. In this method the student achieves all the 
required competencies discussed earlier. The student himself 
identifies the problem or the teacher introduces it from the 
prescribed course (syllabus). The teacher with the help of 
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school administration is supposed to provide all necessary 
equipment in the laboratory along with library facilities. 
The teacher is supposed to provide guidance including lab 
skills to perform certain experiments. The student should 
formulate hypothesis with the help of teacher. Testing 
of hypothesis should be done with the help of simple 
experiments. Observation of the result should be noted. 
Generalization should be done to frame laws or principles. 
In the absence of proper guidance, the discovery activities 
will not give the desired result in specific time frame and 
achieve the objectives of the lesson. Guided discovery is the 
most suitable method of learning science. Science learning 
is fun if you go on doing simple experiments and you will 
discover principles of science. 

Programme Learning 

It is a mode of individualized learning through systematic 
written information in stages which is called frames. The 
text of a learning sequence is usually divided in six to eight 
frames. A frame is a meaningful segment of material which 
the learner reads at one time develops a concept and at the 
end of the frame a question regarding the concept is asked. 
The knowledge is reinforced by giving the correct answer 
in the next frame. If the answer is correct (checked by the 
student himself), he moves to the next frame. So the student 
goes on doing frames systematically one by one. Programme 
learning (PL) is an instrument of providing learning 
materials in which the student learns and also tests himself. 
This is based on Stimulus-Response theory of learning and 
principle of re-enforcement of information learnt. There are 
various types of PL such as Linear, Branching, Mathetics and 
Computer assisted. The teacher should prepare PL on hard 
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spots of learning and provide opportunities for individualized 
learning. Example of PL is given in Annexure II. 

Field Trips 

Field trips to farms, factories, gardens, zoological parks, 
river side, forest, etc., provide excellent opportunities for 
learning science provided it is well planned. The students 
should be given worksheets in advance to note down their 
observations. During field visits, the students can achieve 
the competencies such as critical observation, identification, 
classification, etc. The students can study the habitat of 
plants and animals, their foods and factors affecting their 
growth. It can be planned both as an individual activity or 
group activity. Environment around the school is the biggest 
laboratory, where the opportunities of learning science can be 
planned by the teacher. Today field visits are rarely planned 
by the teachers and even if conducted it is rarely planned as a 
science learning activity and it turns into a picnic rather than 
education. Worksheets for a student should be prepared in 
advance to ensure effective learning. Suitable worksheet for 
visits to botanical garden has been prepared and published 
by School of Creative Learning, Patna (Prakash Vijoy, 2000). 

Problem Solving Method 

This method is being used in USA and UK for decades. The 
topic is introduced in the form of a problem by the teacher. 
The students do experiments, consult library and surf 
internet to find out the answer. This method is a combination 
of guided discovery and project method. The students are 
divided in groups and asked to perform various activities and 
projects. The groups present their reports in the classroom 
by turns. They demonstrate simple experiments if required. 
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This method is very taxing on teachers, lab, time, etc. but 
very effective in learning science and enables to acquire 
different competencies of science. 

Recommended Methods for Indian Schools 

No single method can be recommended for effective science 
teaching and learning. To introduce a topic or chapter, it 
is advisable to tell the story of invention or the biography 
of the scientist connected with it. It will create interest and 
arouse curiosity among students. Scientific stories have great 
motivating effect on students. Question answer method can 
be used for testing previous knowledge of the students which 
is also called brain storming. Instead of passing on simple 
scientific information to the students, the teacher should 
ensure the active participation of the students. Discussion is 
an effective method of bilateral or two way communications 
in the classroom. The best method for teaching learning 
activity in the classroom is guided discovery and project 
method, which combined together, is called problem 
solving method. If there is constraint of time and resources, 
demonstration of simple experiments in the classroom and 
environment is the minimum to be done. All the activities 
suggested in the textbooks must be done by the students 
either in the classroom or as project work. At present few 
teachers take pains to perform and guide the activities 
mentioned above. Now we will discuss various activities to 
be conducted to understand different topics. 
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ACTIVITIES OF PHYSICS ARE FUN 

Physics is an attitude of enquiry by observation, 
experimentation and reasoning with respect to matter in 
rest and motion along with energy and power so important 
in our day to day life. The following topics are generally 
covered in our schools. Effective learning activities are being 
suggested under the topics mentioned below. 

Motion and Laws of Motion 

Before going into mathematical details the student must 
experimentally see how an unbalancing force applied on a 
body in rest can bring it in motion. The student should also 
see as to how increased force in the direction of motion can 
cause acceleration and force against the motion brings about 
retardation. The student should experience the working of 
a bicycle kept on stand. Moving the paddle faster brings 
about acceleration and application of brake brings about 
retardation. Speed and velocity should be discussed. The 
student should roll a ball in the field and see how far it goes. 
They should discover that gravity and friction acts against the 
moving body. They should draw a diagram of the forces acting 
on a moving body and see how acceleration and retardation 
takes place. Simple experiments of coin with paper and coin 
in a glass should be done by students to experience inertia 
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of rest. Inertia of motion can be experienced by spinning 
two eggs one boiled and the other raw. When stopped by 
hand the boiled egg stops and does not move when you leave 
it, but the raw egg again starts spinning when you remove 
your hand. The liquid portion inside the egg shows inertia of 



(a) (b) 


Inertia of motion. 
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Accelerating force 
on the bullet 



A forward force on the bullet and recoil of the gun. 



motion in case of raw egg. Newtons laws of motion should 
be discussed with practical examples. The example, of air 
gun should be taken to understand recoil. To prove Newtons 
third law, experiments with two spring balances attached to 
one another can be done. 

Circular Motion 

The students very often play with a stone tied with a string. 
When a stone tied with a string is moved round and round, 
the string pulls the stone towards its center and the stone 
tends to go outwards. If the string breaks, the stone will be 
thrown out side. The student should experience these two 
forces by experimenting himself or herself. The stone moving 
in circle also experiences the resistance of air and the force of 
gravity pulling it down wards. 
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A stone describing a circular path with a velocity of constant 
magnitude. 

Friction 

If you pull or push a body on the floor, friction is the force 
opposing the motion; this can be understood only with the 
help of a simple experiment of pushing a box on a smooth 
and a rough floor by turn. The students can measure the force 
of friction with the help of horizontal plane and inclined 
plane experiments. In order to discuss the usefulness and 
disadvantages of friction the students should be divided 
in four groups and each group should be given a topic to 
discuss and present its report in the class. The four topics are 
given below: 

(a) Driving a car (low friction in moving parts and high 
friction on tyres) 

(b) Riding a bicycle (same as above) 
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(c) Walking on floor (high friction helps) 

(d) Boat sailing in river (smooth outside surface and 
streamline body). 

After discussion they should be able to answer the following 
questions: 

(a) What is the purpose of engine oil in a car? 

(b) What is the purpose of powder on a carrom board? 

(c) Why the outer surface of tyre is very rough? 

Gravitation 

If we raise a body above the ground and release it, the body 
falls down towards the earth. The students should lift a 
stone and leave it to fall down to experience the force of 
gravity, which is pulling the stone. In fact the earth attracts 
all the objects towards its center. It was Newton who 
said that every object in this universe attracts every other 
object with a certain force. According to Newtons law of 
gravitation, every object or body in the universe attracts 
every other body with a force which is directly proportional 
to the product of their masses and inversely proportional 
to the square of the distance between them. The direction 
of the force is along the line joining the center of the two 
bodies. Before going to mathematical details of finding 
out value of £ g and its unit, etc., examples of gravitation 
holding our solar system and how tides are formed in sea 
due to gravitation of moon must be discussed. How we can 
stand firmly on ground, how the rain drops falls on earth 
and how river flows must be discussed. The students should 
be divided in groups and should be given following topics 
to discuss and present the report in the class. The topics 
can be: 

(a) Life on earth without gravitation 
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(b) Problems faced by person in a satellite orbiting the 
earth 

(c) Performance of athletes on the surface of moon. 

Weight and Mass 

The students should find out the mass of an object with an 
equal arm balance. Difference between mass and weight 
should be discussed. The force of earths gravity acting on a 
body is known as its weight. 

Weight (W) = Mass x g 

One kilogram weight is that gravitational force which 
acts on a body of mass of one kilogram. 

Projectiles 

A falling object having a horizontal velocity is called a 
projectile and it moves in a curved path called trajectory. In 
other words, an object having uniform horizontal motion 
and a uniform vertical acceleration simultaneously is called 
a projectile. The trajectory of a projectile is a parabola. To 
understand it a simple experiment should be conducted by 
the students. Take two coins, say A and B, kept on a table. 
Drop the coin A directly from the table and push coin B 
horizontally. If we drop the two coins A and B with both hands 
simultaneously we will hear a click after a while, showing 
that both the coins reach the ground simultaneously. Thus 
the time interval of the object thrown parallel to the surface 
of earth is the same as that of object dropped directly from 
the same height simultaneously. How the satellite continues 
to go round earth should be discussed. 

Simple Pendulum 

The most familiar type of vibratory motion or periodic 
motion is illustrated by a simple pendulum. A simple 
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pendulum consists of a small metal ball (bob) suspended by 
a long thread from a rigid support, such that the bob is free 
to swing back and forth. The student should try to find out 
how Galileo discovered the important principle of pendulum, 
according to which a simple pendulum completes every 
swing (oscillation) in exactly the same time, provided its 
length is kept constant. The student should try to understand 
the principles of pendulum by actually suspending the bob 
with a long string fixed to a stand. It is better to do this 
experiment in small groups of four to five students. They 
should measure the length of the string and oscillate the bob. 
They can measure the time of 10 oscillations with the help 
of a stop watch and find out time of one oscillation. They 
should go on increasing the length of string and find out the 
relationship between time and length of the string. 

Wave Motion 

If you throw a stone in a pond of water, circular water waves 
(ripples) are produced on the surface of water like expanding 
rings. These water waves carry energy given by the stone in all 
directions without the actual movement of water. This is an 
example of elastic wave motion. Sound is also an example of 
wave motion. The wave motion can also be understood with 
the help of a wave machine. After this simple experiment, 
the characteristics of wave motion should be discussed. If 



Transverse Wave: Vibration Up and Down. 
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Longitudinal Wave: Vibration Back and Forth. 


you fix one end of a rope and move another end up and 
down with your hand, transverse waves are produced. If you 
fix one end of a spring and release and pull it alternately 
in a horizontal position, longitudinal waves are produced. 
You should discuss how sound is produced by the string of 
sitar and how it travels to your ear. Electromagnetic waves 
don’t need a medium and can travel through a vacuum. 
Light waves and radio waves are examples of electromagnetic 
waves. 

Archimedes and Density 

The student should try to know the story of Archimedes. The 
king had asked him to find out the purity of the gold crown 
and finally after much thought he found the answer in the 
bath tub. When he stepped in the tub full of water, some 
water fell down from the tub. On the basis of this accidental 
discovery, Archimedes formulated a principle, which was later 
used in calculation of density of various objects. Volume of 
irregular objects can be calculated by displacement of water 
method. As density is weight divided by volume, the density 
of an irregular object can be calculated by this method. The 
students should calculate the density of various objects and 
get the understanding of density of heavy and light objects. 
They can try to float nail and thermocol in water and try to 
find out principle of flotation. They find out as to why a ship 
floats and an iron nail sinks. With the help of test tube and 
sand the student can make a lactometer. 
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Air Pressure & Water Pressure 

If a glass of water covered with a piece of 
small cardboard is turned upside down 
slowly and carefully, the water does not 
fall down. This is due to the atmospheric 
pressure acting on the cardboard from 
below. The student should try to do this 
experiment themselves. They should 
also try to handle barrow-meter and 
see how the mercury rises due to the 
air pressure. The air pressure reduces as 
you go higher in the atmosphere. Water 
pressure rises according to height of the 
water column. You can observe it with 
the help of a simple experiment. Take 
an oil can full of water and drill two 
holes on its wall one 2" below the top 
and another 2" above the bottom and 
observe the difference of water pressure 
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AV=volume of solid 



Archimedes Theory 

coming out of the two holes. You should be able to tell as 
to why and how pressure of vapour develops in a pressure 
cooker. Thrust or pressure is inversely proportional to the 
area on which it is applied. If you push your thumb on the 
notice board, it doesn’t penetrate, however if you push a 
board pin with the same force of your thumb, it penetrates 


the board 

i. 




LllUi 








Water pressure 
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Simple Machines 

Simple machines are the simple devices which makes the work 
easier. The student should handle different types of levers 
and try to find out the fulcrum, effort and work end. We 
see the use of simple devices in our daily life. You very often 


Ramp 
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use handle of a spoon to open a tightly closed container. You 
see the use of latha in the village to lift water from the well 
or use of pulley to lift weight. You try to draw the diagrams 
of all types of simple machines and label different parts. You 
should make a list of all types of simple machines used in 
our daily life. The students should handle the car jack and 
see how work done in parts is easier. The student should see 
how wedge works to split the wood and it is easier to pull the 
load on a slope (ramp) than lifting it on stairs. 

Work Energy and Power 

Work is said to be done when the point of application of 
a force moves. Work done is equal to the product of force 
exerted on the body and the distance moved by the body in 
the direction of force. 

Work = Force x Distance 

This topic is interesting if it starts with student s activity 
of handling a simple lever. The student should see himself 
how force is applied on one end and how work is done 
on the other end. Biography of James Watt and how he 
improved the steam engine of Newcomen can be discussed 
by the students (Inventors Who Revolutionized Our Lives by 
National Book Trust, India). 

S.I. unit of work is Joule 

1 Joule = 1 Newton X 1 Meter 

Energy is the capacity to do work. Power is the rate of 
work done. 

S.I. Unit of power is Watt 

1 Watt = 1 joule per second. 
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Heat 

Heat is a form of energy and it is called thermal energy. 
When heat is given to a body, its temperature rises and when 
heat is removed, its temperature falls. Temperature is only 
the level of heat, just as the level of water in a cylinder. So 
it is measured by the temperature effect which it produces. 
Heat can be well understood by the activity of heating ice 
or water with a laboratory thermometer in it. The students 
can watch how the temperature rises when heat is applied. 
They can also observe the change of state of matter when 
heat is applied. The students can draw the labelled diagrams 
of the laboratory and clinical thermometers and find out the 
difference. The students can use clinical thermometer to find 
out their body temperatures. While reading temperature 
in clinical thermometer, they can discover the difference of 
Fahrenheit and Celsius scales used in thermometers. The 



Expansion of Solid. 
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students can solve the problems of conversion of temperature 
from one scale to another. When you hold the handle of a 
spoon and heat the spoon on a burner, you find the handle 
also gets heated after sometime. This method of transfer of 
heat in solids is called conduction. If you put a crystal of 
potassium permanganate in a glass vessel full of water and 
put it on a slow burner, you will find out the coloured water 
rising up. This method of transfer of heat in a liquid is called 
convection. Heat transfer can take place in the absence of 
any medium. You feel hot while standing under the sun. This 
method of heat transfer is called radiation. Some substances 
get heated quickly while others require more heat to acquire 
a certain temperature. Metals like copper, steel, etc. require 
lesser heat to get heated, while water requires more heat to 
get the same temperature. 
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Copper, wood and water can be kept in the sun for 
one hour and the student can touch them one by one and 
find out the difference. The concept of specific heat can be 
discussed only after this experiment. 

Thermal expansion means the increase in size of object 
on heating. This effect is due to the increased kinetic energy 
of molecules which moves faster at higher temperatures. 
Expansion in solids can be demonstrated by heating a 
horizontal wire whose length increases. When you heat 
water in a flask filled below the neck and its level marked, 
you see the level increase. When you put a balloon on an 
empty bottle and heat it, the balloon gets inflated. Diagram 
of expansion of solid and liquid is given on preceding pages. 

The concept of latent heat can only be understood with 
the help of two simple experiments. If you put a laboratory 
thermometer in melting ice, you will find that the melting ice 
absorbs heat from the atmosphere, but the temperature does 
not increase. Similarly if you put a laboratory thermometer 
in boiling water, the temperature does not rise though the 
water is absorbing heat from the burner. During change 
of state of matter, the latent heat is used up in overcoming 
the force of molecular attraction. When inter molecular 
attraction decreases and intermolecular space increases the 
solid becomes liquid and when the intermolecular space 
increases further, it changes into gas. 

Light 

Light is a form of energy which enables us to see the objects 
from which it comes. Sun is the most important source of 
light which we get in the form of electromagnetic waves. 
Lamps etc. are the artificial source of light. In the beginning 
the students can play with transparent, translucent and 
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Playing with shadow. 


opaque objects and discover that only opaque objects form 
shadows. The students can play with shadows of fingers on a 
wall. They can make a sun dial with the help of shadows of 
a stick in the sun. 

The students can play with vertical slit screen made of a 
cardboard and sun light passing through it. The beams of light 
coming through it can serve the purpose of rays. Reflection, 
refraction, convergence, divergence and dispersion of light 
can be seen and understood very well with the help of plane 
mirror, glass slab, biconvex lens, concave lens and prism. 
Concave and convex mirrors can also be used to see the 
reflected light from them. At the time of noon the students 
can play with biconvex lenses and discover that a piece 
of black paper catches fire easily. The students can check 
that image of a pin forms at the same distance behind the 
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mirror at which distance it is kept in front of the mirror. 
You can find out with the help of four pins, plane mirror 
and chart paper that the angle of incidence is equal to angle 



Periscope 
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of reflection. The student with the help of teachers should 
practice the diagrams of images formed in cases of convex 
mirror, concave mirror, convex lens and concave lens. The 
students should make colour disc on a round cardboard using 
all colours of spectrum when this disc is moved in speed, 
the disc appears to be white. As a project work the students 
should make pinhole camera, periscope and kaleidoscope 
and then present them in the class. 

Magnetism 

To understand this topic properly, the students can play with 
bar magnets, horse shoe magnet and the magnetic needle. 
Kept on a smooth surface, similar poles of the bar magnet 
repel each other and opposite poles attract each other. 
When suspended with a thin thread, how the bar magnet 
behaves and in which direction it rests? How the magnetic 
needle behaves without the presence of a bar magnet and in 



Iron filings arranged in magnetic lines. 
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presence of a bar magnet? Put a glass sheet on a bar magnet 
with iron fillings on it. Slowly tap on the glass sheet and 
discover the magnetic field. The magnetic field can be drawn 
with a pencil on a white sheet of paper with bar magnet on 
it and the magnetic needle. Take the help of a teacher in this 
experiment. 

Electromagnetism 

The student should find out the story of Hans Christian 
Oersted and how he discovered electromagnetism in 1820. 

Discover the behaviour of iron fillings on a cardboard 
when a conductor wire carrying current is passed through 
it vertically or lies on it horizontally. You can watch the 
behaviour of a magnetic needle near a conductor (copper) 
wire carrying current. If you take a soft iron bar, wind 
insulated copper wire around it several times and pass electric 
current through the wire, you get an electromagnet. Based 
on the knowledge of electromagnets you can understand 
how electric bell works. You can check the working of an 
electric bell. 



Magnetic 

Needle 



Complete Electric Circuit. 
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Electricity 

In the beginning especially in junior classes, the students can 
play with comb and dry hair. They discover that the comb 
gets charged when rubbed with dry hair time and again. 
The charged comb attracts small pieces of paper, but soon 
the paper drops. They can discuss static electricity and find 
out that the charge can jump from one body to another. 
During winter season static electric charge develops in 
woolen pullovers. After wearing for some time, if you put 
off your pullover during night, in a dark room in front of 
a mirror, you can see sparks coming out of it with sound 
of chit-chit. You can handle an electroscope and see how 
charge can be transferred to the leaf of the electroscope. 
During rains, lightning and thunder are examples of static 
electricity developed in clouds. When coming to the topic 
of current electricity, you can go through the biography, of 
Michael Faraday and how he discovered electric generator; 
the students can check as to how the electric circuit gets 
completed in a torch when you switch it on. The students 
can play with a circuit board and then make circuit boards 
in small groups or individually. They can also check the use 
of Ammeter and Voltmeter. 

You can switch on an ordinary heater under the guidance 
of the teacher and see how the coil gets heated. You can find 
out the difference of a conductor, resister and an insulator. 
The heating effect of electricity inspired Thomas Alva Edison 
to discover the bulb which illuminated our nights (.Inventors 
Who Revolutionized Our Lives , NBT). Student can make 
toys based on circuit boards. 
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Suggested Topics for Physics Projects 

1. Working models of energy from renewable sources such 
as running water or wind 

2. Working models of energy from sun for storage 
batteries, mobile charging, etc. 

3. Working model of solar cooker, solar water heaters, 
driers, etc. 

4. Working models of machines for making roasted 
flattened rice ‘ Chiwda ,, Bhel, Gram, etc. 9 

5. Low cost teaching aids for learning Physics such as 
Periscope, Kaleidoscope, etc. 

6. Animation CD for understanding various principles 
and laws of Physics 

7. Working models of safety alarms 

8. Toys based on electrical circuit boards 

9. Production of distilled water from solar heat 

10. Toys based on electromagnet. 
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PLAYING WITH CHEMICALS 

Chemistry is playing with Chemicals. Chemistry is an 
attitude of enquiry by observation and reasoning with 
respect to matter and their reactions. A lot of discoveries in 
chemistry were made by the Alchemists who were trying to 
convert some heavy metals into gold. Science is being taught 
as an integrated subject in Indian schools and Chemistry is 
a part of it. Mostly the following chapters in Chemistry are 
covered in schools. The students can learn and understand 
only when they do the activities or see the demonstrations 
in the class. So chapter wise activities are being suggested 
below. 

Separation of Substances 

This chapter is covered in junior secondary classes. The 
students can do the activities themselves to learn the skill 
of handling apparatus used in Chemistry. They can make 
salt solutions and get an idea of saturated and unsaturated 
solutions. They can make mixtures of sand and salt, iron 
fillings and sand, etc. They can separate the mixture of sand 
and salt by filtration. They can use bar magnet to separate 
iron fillings from any mixture. They can do distillation to 
separate water and salt from the saline water (take the help of 
a teacher). Whenever they arrange apparatus, they can draw 
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diagrams. To understand evaporation, they should keep 
saline water in a shallow pan in the sun. After a few hours 
the water evaporates leaving the salt in the pan. 

Symbols of Elements, Chemical Formula and Equations 

This topic is hard spot of learning. The students should get an 
opportunity of individualized learning. Use of programme 
learning material is recommended (example given in 
Annexure II). Sufficient practice of writing chemical formula 
should be done both at home and in the class. The students 
can also practice the writing of simple chemical reactions, 
in the form of chemical equations and also balancing the 
equations, it is advisable to prepare a worksheet in advance 
for writing chemical formula (example is given in Annexure 

II). 

Chemical Reactions 

This topic deals with the following types of chemical 
reactions: Do the experiments and observe. 
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(i) Physical change and chemical change; melting of wax, 
evaporation of water etc. are physical changes. Rusting 
of iron and curdling of milk, etc. are chemical changes. 
Physical change is easily reversible but chemical change 
is not easily reversible 

(ii) Combination reaction 

CaO + H 2 0 -> Ca (OH) 2+ Heat 

The above mentioned reaction is exothermic (gives out 

heat) 

(iii) Decomposition or breaking up reaction 
CaCC> w CaO+CCh 

3 Heat 2 

(limestone) 

(iv) Endothermic reaction (Cooling) sugar + H 2 0 or urea + 
H 2 0 Cooling 

(v) Double displacement reaction 

Na 2 S0 4 + BaCl 2 BaS0 4 + NaCl 

(solution) (solution) 

(vi) Displacement reaction in Copper Sulphate Solution 

Fe + Cus0 4 Fes0 4 + Cu (copper deposit on nail) 
(iron nail) (solution) 

(vii) Oxidation (combination with oxygen) 

Cu+0 2 Heat CuO (copper oxide) 

(viii) Reduction (removing oxygen) 

CuO + H 9W -> Cu + HO 

2 Heat 2 

(ix) Corrosion (rusting) 

Fe + H 2 0 -> Fe (OH) 2 


PLAYING WITH CHEMICALS 


45 


(x) Rancidity 

Fat + 0 2 Rancid smell 

All the above mentioned reactions can be done by 
students and observed as simple experiments, under the 
observation of teachers. These experiments can be done in 
the classroom itself and there is no need of well-equipped 
Chemistry lab. Writing of chemical formula and equations 
must be reinforced in the class as well as home work. 

Acid, Bases and Salts 

To make this chapter interesting and activity based, the 
student can taste citric acid, acetic acid and baking soda to 
find out the difference in taste. Citric acid and detergent 
can be tested with a litmus paper. The student can prepare 
litmus paper with petals of hibiscus flower and with turmeric 
powder on a separate sheet of paper and test them with citric 
acid and detergent. Red cabbage juice and beet root juice 
also behaves as litmus solution. The teachers and the school 
should ensure the availability of HCL, H 2 S0 4 , CaC0 3 
Na 2 C0 3 , Zn granules, NaOH, KOH NaCl, Magnesium 
ribbon, Copper fillings, Sulphur, etc. along with test tubes, 
beakers, flask, spirit lamp or gas stove in the store room or 
lab. 

All the experiments given in the NCERT textbooks 
must be done by the students or at least demonstrated by 
the teachers in the classroom. Titration can be done by 
the students with phenolphthalein as indicator under the 
guidance of teachers. 

Metals and Non-metals 

This chapter consists of physical and chemical properties 
of metals and non-metals. In order to study the physical 
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properties of metals, critical observation of some common 
metals is must. Samples of Iron, Copper, Aluminum, Zinc, 
Lead and Mercury must be available. 

The students can observe the metals available in small 
groups with two to three metals in each group. They can try to 
write as many physical properties as they can. Each group can 
present its report in the class. Then all the physical properties 
of metals can be listed on the blackboard. Similar exercise can 
be done with non-metals such as Sulphur, Carbon, Iodine, 
Graphite, etc. In order to study the chemical properties of 
metals and non-metals, the following experiments should be 
done under the supervision of teachers. 

(i) Burn some metals i.e. Mg, Fe, Cu, in a crucible. Collect 
the Oxide and dissolve them in water. Test them with 
litmus paper. Also observe which one dissolves in water. 

(ii) Burn some non-metals such as Sulphur, Carbon, 
Iodine, etc. and collect the Oxide. C0 2 and S0 2 are 
gases. Dissolve the Oxides of non-metals in water and 
test with litmus paper. 

(iii) Reaction of metals with water. Na and K react with 
water to give NaOH and KOH. Test them with litmus 
paper. 

(iv) Reaction of metals with acids 


Zn 


Zn 


(granules) 


+ 


+ 


HC1 -> ZnCl 2+ H 2 

(dilute) 

H 2 S0 4 -> ZnS0 4 + H 2 


(v) Reaction of metals with other metal salts 

Fe + Cuso 4 Feso 4 + Cu (blue colour fades) 

(solution) 
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(vi) Reaction of metals with non-metals 
Na + Cl -> NaCl 

Electronic configuration of Na and Cl can be discussed. 



Flame Test with Platinum Wire. 


(vii) Colour flames of metals: Platinum wire stick can be 
dipped in metallic salt solutions one by one and taken to 
burners flame to observe the different colours emitted 
by different metals. This is called flame test. You can 
identify the metal with the flame test. 


Carbon and its Compounds 

All compounds of carbon except C0 2 , Carbonates and Bicarbonates 
of metals, come under organic Chemistry. There are a large number 
of compounds which contain carbon. Students can see, observe and 
smell some organic compounds such as Ethyl and Methyl Alcohols, 
Acetic and Citric acids, chloroform, Formaldehyde, coal, graphite, 
Ester, etc. Structural formula is important to understand different 
organic compounds. The students can practice these structural 
formulas. The students can make three dimensional structural 
models of different organic compounds with the help of coloured 
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Cl 



Benzene Hexa Chloride (BHC). 

plastic or thermocol balls and plastic straw pipes. Some chemical 
reactions such as oxidation, hydrogenation, reactions of acetic acid, 
etherification, making soap and detergent can be done with the help 
of a teacher. There is an interesting story of how Cacule discovered 
the ring structure of Benzene. He was working very hard to find out 
the structural formula of Benzene, but failed time and again. One 
day he saw in dream that a snake is eating its tail. When he awoke he 
immediately found the answer in the form of ring structure. 


Suggested Topics for Chemistry Projects 

1. Change of colour of chemical with or without water of 
crystallization 

2. Production of electricity from cow dung, lemon juice, 
etc. 

3. Production of biogas from waste materials 

4. Simple methods of production of hydrogen and oxygen 
from water 

5. Estimation of fat and protein in different foods 

6. Testing of adulteration in various food materials 

7. Testing efficacy of soaps and detergents with hard water 
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8. Simple methods of extraction of perfumes from local 
aromatic plants 

9. Testing of acidity of various foods and cold beverages 

10. Making of models of blast furnace and other metal 
extraction plants 

11. Estimation of caesin in different samples of milk 

12. Estimation of Oxalate in fruits. 
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LEARNING BIOLOGY IN THE 
ENVIRONMENT 

Biology is the study of man and his living environment. 
Man possesses so many basic characteristics in common 
with animals, with living organisms as a whole and yet he 
is quite different from the rest of the organisms. This is a 
mystery which serves to entice the beginner into the details 
of biological science. Once the interest is aroused, the learner 
goes deeper and deeper into the subject. The alluring wealth 
of biological phenomena provides a means of engrossing the 
observant, charming the aesthetic, warming the sympathetic, 
captivating the curious, and posing many fold problems for 
the thoughtful. Biology is not only interesting, it is also 
useful in life. The knowledge of human physiology and 
hygiene, health and sanitation, food and agricultural crops, 
sex and reproduction, forest and vegetation pollution and 
its control are highly essential, without which man is not 
expected to lead a full life. Keeping in view the importance 
of biology in the life of man, the following topics are usually 
covered in schools. Proper activities have been suggested for 
effective learning in the environment. 

Lower Plants and Animals 

A field visit is necessary for collection of samples from river 
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side or a garden pool. Samples of lower plants such as Ferns, 
Moss, Fungi, Algae, Liverwort, and Lichens, etc. should be 
collected and examined with the help of hand lens. A slice of 
moist bread should be kept for 2-3 days at room temperature. 
White and black fungal growth can be observed with a hand 
lens. Algae and fungi can be observed under the microscope. 
Lactic acid bacteria from curd can be observed under the 
microscope. Research findings of Alexander Fleming, Pasteur 
and Robert Koch can be discussed in the classroom. Then 
only the discussion on useful and harmful organisms can be 
taken up. The examples of symbiosis and antibiosis can be 
discussed. 

Samples of amoeba, hydra and paramecium can be 
collected from stagnant water and observed under the 
microscope. The students can also observe how amoeba 
and hydra move. Permanent slides are also available in the 
market. 

External Structures of Plants and Animals 

The study of external structures of flowering plants can be 
learnt effectively in gardens around the school or nearby 
forest whichever is available. Alphabetical family wise 
garden can be planted in the school itself for easy availability 
of plant samples (Annexure IV). The students can be 
encouraged to prepare a herbarium of plants as a project 
work. If samples are not available nearby, the school can 
maintain herbariums for ready reference. For the effective 
study of animal structures and external features, museum 
specimens should be available in the biology lab or store, 
which should be available for observation by students. 
Proper concept formation is not possible with the help of 
diagrams on the blackboard only. 
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Internal Structures of Plants and Animals 

The cell can be introduced with the help of slides of onion 
peel and cheek cell under the microscope and the diagrams 
of cell both plant cell and animal cell i.e. onion peel and 
cheek cell can be drawn. The plant cell and animal cell 
as seen under electron microscope can be discussed with 
the help of charts and the students can draw the labelled 
diagrams and note down the differences. The students can 
be guided to handle the microscope. Glass slides, cover slips, 
glycerin, some stains (cotton blue, Safranin, etc.) can be 
made available, in the classroom. The students can be guided 
to prepare slides ofT.S. of plant stems (Monocot and Dicot), 
plant roots and leaves and observe them under microscope. 
Permanent slides of different types of tissues of human body 
can be shown with the help of a microscope. The teacher 
can dissect a rat or frog whichever is available and display 
the internal organs. The students can draw the diagrams of 
digestive system and circulatory system. 

Food and Nutrition of Plants 

Autotrophs — prepare carbohydrate in the sun 
Heterotrophs - unable to prepare carbohydrate 

The plants absorb the compounds of the following elements 
from soil and air: 

Major Elements N, P, K, C, H, O 

Minor Elements B, Mg, Mn, Mo, S, Cl, Cu, Zn 

Plant gets C0 2 from air 

Photosynthesis: C0 2 + H 2 0 C 6 H 12 0 6 + 0 2 

Plants have the ability to synthesize proteins and fats also. 
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Vital Functions of Plants 

Plant absorbs water and minerals in solution from the soil 
through roots. Students can conduct the experiment on 
absorption of coloured water from the beaker through roots. 
After an hour the red colour is visible in the veins of the 
leaves (if red colour is used). Experiments on endo-osmosis 
and exo-osmosis can be conducted with resin in dilute sugar 
solution, and then putting the swollen resin in concentrated 
sugar solution. The student can observe as to how the resin 
swells in the dilute sugar solution and how it shrinks in the 
concentrated solution. The students can grow two plants 
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in two pots, one with a pinch of 
urea and the other without it and 
observe the difference in growth. 

The students can do an 
experiment on photosynthesis as 
given in textbooks and observe 
the oxygen gas collected in the 
test tube kept in the sun. If half 
portion of a leaf is covered with 
black paper, you can check with 
the help of iodine test that starch is 
present only in that portion of leaf 
which is exposed to light. Plants 
which don’t have chlorophyll cant 
prepare starch in the sun light. 

Students can find out Cuscuta 
plant in gardens nearby with the 
help of a teacher. Discussion on 
modes of nutrition can follow afterwards. 

Respiration in plants can be understood with the help 
of a simple experiment. If you put some germinating seeds 
of gram in a test tube and close it with cotton, you find the 
test tube full of C0 2 the next day. If you put a burning stick 
in the test tube, it extinguishes. Transpiration of water from 
leaves can be observed if you cover a branch with a polythene 
bag for a few hours in the sun, water droplet can be observed 
in the polythene bag if it is transparent. 

Diagrams showing photosynthesis and transpiration are 
given on the next page: 



Respiration 
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Plastic Bottle 
(cut at the 
bottom) 



Green 

Leaves 

Water 


Photosynthesis 



Water 

Drops 


Transpiration 
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Food and Nutrition of Animals 

The animals don’t have the ability to prepare carbohydrates. 
They have to depend on plants and other animals for their 
food. Permanent slide or freshly prepared slide of amoeba 
ingesting food can to be observed with the help of microscope. 
Field visit can be arranged to observe, how earthworm eats 
dead vegetable matter and leave excreta. The students can be 
asked to observe how the lizard or house lizard eats insects. 
Visit to the dairy farm and poultry farm can be arranged. 
The student can gather information about poultry feed and 
cattle feed. The students can observe slides of plasmodium 
hookworm, etc. Human nutrition and balanced food can be 
discussed with the help of charts available with UNICEF. 
Deficiency diseases can also be discussed with the help of 
charts. Calcium deficiency causes bone disease, while iron 
deficiency causes anaemia. Deficiency of different vitamins 
causes different diseases. The charts of deficiency diseases are 
available with doctors. The students can visit health center. 

Classification of Animals According to Food 

(i) Herbivorous - Plant eating. 

Examples - Cow, Goat, Deer, etc. 

(ii) Carnivorous — Flesh eating animals. 

Examples - Tiger, Lion, etc. 

(iii) Omnivorous — Eating meat, grains and vegetables. 
Examples — Human Being. 

(iv) Parasite - Thriving on living animals. 

Examples - Hookworm, Plasmodium, etc. 

(v) Eating dead leaves and animals. 

Examples — Earthworm, etc. 

(vi) Insectivorous — Insect eating animals. 

Examples - Lizard, Anteater, Mantis, etc. 
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Vital Functions of Human Body 

The following vital functions of human body are included in 
the textbooks of NCERT: 

(a) Digestive system 

(b) Respiratory system 

(c) Circulatory system 

(d) Excretory system or Urinogenital system 

(e) Nervous system 

(f) Endocrine and hormones 

(g) Reproductive system 

For teaching systems of human body it is better if 
three dimensional models are available, CD and DVDs are 
also available in the market, which illustrate the working 
of different organs. Information with illustrations is also 
available on internet. The student should make use of all the 
teaching aids mentioned above. Charts of labelled diagrams 
of the systems mentioned is the minimum without which 
the above mentioned topics should not be taken up. The 
story of William Harvey who dissected the dead body first 
to illustrate the circulatory and other systems can be told to 
the students. 

In non-flowering plants spores are produced, e.g. 
in Moss, Fern, Fungi, and Liverwort, etc. The students 
can observe the reproductive organs of the plants with a 
magnifying glass or microscope. The students can be taken 
to a nearby farm and introduced to the suckers of Banana, 
runner of Dub Grass , Onion and Garlic bulbs, leaf roots of 
Bryophylum. The students can keep the Bryophylum leaf 
in their copy books to see the root formation on its margin. 
Each student can be given a simple flower and asked to 
separate the sepals, petals, anthers, pistil and count them and 
draw the diagram. They can be helped to draw correct floral 
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diagrams. Pollination and fertilization can be discussed with 
the help of diagrams. For teaching artificial methods of plant 
propagation, the teacher can demonstrate cutting, layering, 
budding and grafting. Teachers can take the help of a good 
gardener. Soaked seeds of gram and bean can be dissected to 
show the embryo in it. Project on germination of grain seed 
and bean seed can be given to students to study two types 
of germination. Diagrams of natural and artificial vegetative 
methods of propagation of plants have been given. 
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Asexual propagation is common in lower animals. 
Permanent slides of binary fission, fragmentation, budding 
of hydra, etc. can be shown to students with the help of 
microscope. The story of cloning in sheep will be very 
interesting for students. A visit to pool side or stagnant 
water side can be organized to see the floating eggs of frog, 
tadpoles, larva of mosquito, etc. External fertilization in 
frogs and fishes can be discussed in the field itself. During 
field visit the nests of different birds especially the weaver 
bird can be observed and discussed. Some nests are made 
only for laying eggs. How the cuckoo lays its eggs in the 
nest of a crow is very interesting. Visits can be arranged to 
hatchery to observe how chicks hatch. A visit to artificial 
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Ground Layering 



Cutting 
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Air Layering 



Grafting 
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insemination center can be arranged to understand as to 
how the improvement of cattle breed is done. 

Human Reproductive Organs and Their Functions 

This is a sensitive topic especially when teaching a mixed 
group of adolescent boys and girls, but it cannot be ignored, 
because it is equally important for both of them. God has 
given these organs to boys and girls to reproduce and not 
for enjoyment. They will not make fun of it, if it is related 
to their parents and their birth, their similarity to their 
father and mother, it will work better. First of all a labelled 
diagram of male reproductive organs is discussed and how 
it gives rise to secondary sex character in boys at the time 
of puberty then a labelled diagram of female reproductive 
organs is discussed. It is better to see charts of both these 
diagrams. Ovulation and menstruation is the sign of puberty 
in girls. But puberty in boys and girls is not the right time 
for marriage and reproduction. Physical and psychological 
maturity is required for reproduction, which comes only at 
the age of 21 years in girls and after 21 years in boys. 

Heredity and Evolution in Plants and Animals 

The first scientific study of genetics was carried out by Gregor 
Mendel. His life and work must be told to students in the form 
of story. Mendels experiment on peas must be explained with 
the help of monohybrid ratio and dihybrid ratio tables. How 
the characters are transmitted from one generation to the 
next in the form of genes and chromosomes. Chromosomes 
can be understood with the help of diagrams at the time 
of cell division (mitosis and meiosis). Chromosomes can 
be visible through microscope in the developing anthers of 
onion flowers. Deoxyribonucleic Acid (DNA) and its role 
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can be demonstrated with the help of the model of DNA in 
the form of twisted ladder. 

When discussing evolution, the life and work of Charles 
Darwin can be discussed. Variation in population is due 
to gene mutation. Struggle for existence and survival of 
the fittest is the gist of Darwins theory. Darwins theory of 
evolution tells us how life evolved from simple to complex 
forms. The evidences of evolution can be discussed with the 
help of photographs or diagrams of embryo development, 
skeletal developments and fossils of organisms. Diagram of 
mono-hybrid ratio is given below: 


Monohybrid Ratio in Peas 


—y 

Tall (TT) x Dwarf (tt) 



Tt (Tall) - FI 


Tt x Tt 



Increasing Production of Food Crops 

It is evident from the flow chart that both heredity and 
environment is important for increasing the production of 
food crops. The students can try to know the history of green 
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revolution with the help of library and internet. First hand 
knowledge of agricultural practices is important. So a visit 
to a nearby farm of a progressive farmer can be planned. It 
is better to prepare a questionnaire in advance. A sample of 
a questionnaire is being given. The students can get direct 
information from the farmer or the farm manager. After the 
visit a group of students can sit together to prepare step-wise 
details of growing a crop and how to increase production. 
They can present the report in the classroom which can be 
followed by a discussion (a questionnaire for farm visit may 
be seen at Annexure-I). 


Increasing Production of Milk and Poultry 

As production of milk, egg and poultry meat depends on the 
breed of the animals and their environment including food, 
two-pronged strategy has to be followed as given in the chart 
below: 
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Increasing Production of Dairy Farms and Poultry 

Only the visit to dairy and poultry farms can give proper 
idea of factors affecting milk production in a dairy farm and 
egg, and meat production in a poultry farm. The students 
can ask questions from the owners or managers of the farms 
according to the questionnaire given in Annexure-I. Small 
groups of students can prepare reports of the visit and present 
their report in the classroom. They can also suggest ways to 
increase production. Discussions should follow. 

Suggested Topics of Biology Projects 

1. Simple working models to demonstrate photosynthesis 
and device for collection of oxygen 

2. Working model of production of distill water from 
transpiration of plant 

3. Photo-electrical device to measure chlorophyll in leaves 

4. Working model of production of carbon dioxide from 
plants and its collection device 

5. Production of organic insecticides and fungicides 

6. Animation CD of various physiological processes in 
plants and animals 

7. Separation of various vegetable colours by paper- 
chromatography 

8. Display of various stages of development of frog from 

egg ti rr 

9. Display of various stages of development of silk worm 

10. Model of simple equipment for production of wormi- 
compost. 
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EVALUATION AND ITS CRITERIA 

Curriculum development is concerned with the planning of 
learning opportunities which will best give pupils the chance 
to make progress towards objectives. Evaluation is the 
measurement of how far the objective is achieved. Usually 
this measurement is carried on through teachers formal 
or informal assessment in the class or through an external 
examination. The criteria of a good examination are validity, 
reliability and practicability. The examination is valid when 
it measures what is desired to be measured. The examination 
should be effective in measuring as to how far the objectives 
are achieved and it should also be comprehensive in terms of 
content. If the measurement tool gives same type of result 
with similar group of pupil, it is said to be reliable. The tool 
should be easy to administer and mark. 

If we look into the examination system, particularly 
that in India, we find that most of them do not fulfill these 
basic criteria. Most of the external examinations give stress 
on the cognitive aspects of development only and the skills 
and attitude development remain neglected. It is really 
difficult to measure the affective domain i.e. feeling aspect 
and the attitude development. Instruments like rating scale 
have been designed to measure the attitudes to some extent. 
An example of rating scale is being reproduced below. The 
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pupil is asked to answer the questions in the following 
terms: like very much, neither like nor dislike, dislike, 
dislike very much. The measurement of skill development 
also poses problems. There is a lot of emphasis on learning 
of scientific methods by pupils in the objectives of the new 
science curriculums all over the world. What is the place of 
scientific methods in secondary level science course? There 
is little motivation from the pupil side on the development 
of scientific skill when they know that they wont be tested 
in the examination. A large question mark hangs over the 
subject of practical examination in science. Some of the 
arguments that have been put forward against practical 
examination are as follows: 

(a) Practical examination tests more knowledge than skill. 

(b) Many things traditionally tested by practical 
examinations can be tested by modern written tests 

(c) Practical examinations pose great difficulties in setting, 
marking and administration 

(d) A silly slip under conditions of stress on the part of 
candidate may prove disastrous 

(e) They are expensive both financially and ecologically. 

The following are the counter arguments in favour of 
practical examination: 

(a) Practical skill can be tested e.g. microscope work, 
dissection and manipulation of apparatus 

(b) Scientist must learn to relate practical work to theory 

(c) It is a test of patience in a practical situation 

(d) Well tested techniques of practical examinations are 
available and can be improved. 


EVALUATION AND ITS CRITERIA 


69 


Teacher’s Assessment 

It is the teacher s primary, responsibility to see that the pupil 
has made sufficient progress in the desired direction. The 
usual methods of assessment are as follows: 

(i) Essay type answers in continuous prose 

(ii) Short answers in continuous prose 

(iii) Short answer tests (fill up the gap) 

(iv) Tests of the practical techniques 

(v) Tests of the ability to follow practical instructions 

(vi) Answer involving data interpretations 

(vii) Answers demanding calculations, graphs, etc. 

(viii) Answers demanding creativity e.g. devising experiments, 
etc. 

(ix) Answer book tests e.g. o’ level biology (London) 

(x) Objective tests multiple choice, matching, etc. 

(xi) Completion of programmed learning 

(xii) Oral tests e.g. viva. 

The first four methods are widely used. They are easy to 
set, but difficult to examine and have relatively low reliability 
and validity. Now the time has come for a move towards 
a variety of short, more precisely structured and directed 
questions that assess increasingly definable knowledge 
areas—skills, abilities and attitudes. 

Question banks can be of great help to teachers in this 
direction. If the teacher really wants to assess the progress 
of the pupil in each unit or activity, he should formulate 
behavioural objectives for it. Then he should administer a 
pre-test before the activity followed by a post-test after the 
activity. An example of such an activity is being given here. 
This is just an example and has not been standardized with 
the help of item analysis technique to be followed. 
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Unit-plant morphology (variation in plants) 

Sub-unit morphology of leaf 
For age group 13 to 14 years. 

Activity 

The students will be taken to the school garden. They will 
be asked to observe the characteristics of different types of 
leaves available in the garden. They will be encouraged to 
make identification keys. 

Objectives 

The students will be able to: 

(i) Pick up differences in morphological characters 

(ii) Classify them 

(iii) Make identification keys 

(iv) Identify leaf samples with the help of keys. 

Pre-test 

1. Name two types of plants you are familiar with 

2. Can you recognize the leaves of the two plants? 

3. What are the differences between the two leaves 

supplied to you? 

4. Classify the leaves on the basis of any two characters 
mentioned below: leaf apex, margin, shape of lamina 
and size of leaf 

5. What characters you will choose for making an 

identification key. 


Post-test 

1. Are all the leaves on a plant identical in all respects? 

2. What are the characteristics on the basis of which you 
can say they belong to the same species? 

Classify the given sample of leaves with respect to the 
following characters: leaf apex, margin, variegation, 
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difference between upper and lower surface, shape of 
lamia, etc. 

4. Make a key for the identification of these leaves on the 
basis of the characters mentioned above. 

5. Identify another sample of leaf with the help of keys. 

The pre-test gives a general idea of the students 
knowledge before the activity and from the score of the post¬ 
test, we can judge as to how far the students have achieved 
the objectives. Action research on small scale can be done by 
the teacher himself. Any new method in teaching of biology 
can be tested in the way mentioned above. The methods, 
i.e. new and the traditional can be tried on two matched 
groups of students separately with the same pre and post¬ 
tests. Teachers assessment has become more important due 
to allocation of certain marks for continuous assessment by 
some examination boards. There is a move to do away with 
the external examination system and option of class 10 th 
CBSE examination is available. But it gives extra burden on 
the efficiency and integrity of teachers. I do not think it is 
suitable for India in the present condition, though it is being 
tried at several places. Macintosh (1974) provided a use full 
hand book for teachers on the techniques and problems of 
assessment. Standardization with the help of item analysis 
technique and application of statistics are the recent trends 
in this direction. 
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Teaching and Learning 

Teaching is useless, unless students learn. Teaching is a 
method to motivate and help the students to learn. As only 
10% learning takes place by listening, the teacher should 
plan activities such as demonstrations, visual displays, etc in 
which sight is involved. Listening and sight together brings 
about 50% learning, but the students don’t understand 
unless they do it. 

Activities comprise of writing (classwork and home 
work) verbal answering, doing experiments and project 
work. Discussion in class and in small groups helps learning. 

Objective Based Teaching 

Objectives of the lesson are the learning out comes; the 
teacher wants the student to be able to write or tell after 
the lesson. So before the start of the lesson 2 to 5 objectives 
should be written. 

Learning Activities 

Activities must be decided and written in advance, so that 
the objectives are achieved. Activities must include visual 
displays of maps, charts, teaching aids, demonstrations, 


ACTIVITY BASED TEACHING AND LEARNING 


73 


simple experiments etc. Discussion should follow and then 
some class work should be given. 

Evaluation 

In order to have continuous comprehensive evaluation, unit 
test should be conducted after every lesson. The question 
should be such that ensures achievement of objectives. 

Lesson Plan 

Advance planning is required for every good work. So 10 to 
15 minutes of advance planning should be done before every 
lesson, and entered in the lesson plan register in the given 
format. This also serves as the date wise record of teaching 
activities. 

Lesson Plan cum Teaching Record 


Name of centre/school 
Name of teacher 
Subject 


Day 

and 

Class 

Lesson 

Lesson 

objectives 

Activities 

and 

Questions, 

classwork, 

date 




teaching 

aids 

homework 






























10 


CREATIVITY AND SCIENCE EDUCATION 

If we scan through the pages of history, we find that 
Alexander had conquered the world at the age of twenty 
five and Napoleon proved to be a great military genius at 
twenty seven. Pascal at sixteen wrote conic sections. Galileo 
developed the laws of pendulum when only eighteen. At 
the age of only fourteen, Mozart conducted the opera and 
Beethoven was court organist at the same age. They were the 
creative geniuses of the past. But a good deal of confusion 
arises from the loose usage of terms like creative, original, 
imaginative, gifted, talented, genius, etc. Whereas some 
people are talking about highly productive and original artists 
and scientists like Mozart and Newton (say one in 1,000), 
others are referring to those who score well on divergent 
thinking tests. Still others refer to those students who are 
exceptionally good in achievement tests. To the layman and 
the creative person himself, the nature of creative process is 
mysterious. It is difficult even to define creativity. Usually it 
is considered as novel combinations or unusual associations 
of ideas. People like Lombroso (1891) andKretschme (1931) 
consider creativity as manifestation of diseased mind. But 
most of the creative persons have led normal lives. 

Roe (1952) investigated the living scientists of 
outstanding achievements and put in the following lines 
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about the average eminent scientist: “He is the first born 
child of a middle class family, the son of a professional 
man. He has a very high IQ and in boyhood began to do 
a great deal of reading. He married late, has two children. 
His marriage is more stable than average. What decided his 
profession as a scientist was a college project requiring some 
independent research work. He is satisfied with his job. He 
works hard and often seven days a week. The movies bore 
him. Better than any interest or activity, scientific research 
seems to meet the inner needs of his nature.” 

The basic principles of measuring mental abilities 
were pioneered by Spearman in London and Binet in 
Paris in the beginning of the previous century. In 1930 s 
and 40s there was a lot of experimentation with the 
education of the gifted, giving rise to the controversies over 
acceleration’, ‘homogeneous grouping’, enrichment of 
curriculum’, etc. But Guilford’s (1950) paper seemed to be 
a turning point. He pointed out that almost all tests and 
achievement examinations used by American psychologists 
and educationists were convergent, i.e. for each item, there 
was one pre-determined correct answer. Clearly these put 
the imaginative or independent thinker at a disadvantage. 
Creative thought is more likely to issue in a variety of new 
answers, in other words to be divergent. The advent of 
Sputnik in 1957 shocked America into asking as to whether 
its educational system was failing to produce sufficient 
original and creative scientists to maintain its technological 
lead in the modern world. This gave rise to a flood of research 
into creativity. Research has yet to give a clear-cut answer 
whether creativity is an ability distinct from intelligence. 
Terman (1947) made the following statement which seems 
to be partially true even today: “So little do we know about 
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our available supply of potential genius, the environmental 
factors that favour or hinder its expression, the emotional 
compulsions that give it dynamic quality, or the personality 
distortions that make it dangerous, and viewing the present 
crisis in world affairs who can doubt that these things may 
decide the fate of a civilization.” 

Thus the importance of creative thinking in science 
education cannot be over-emphasized. 

It is essential to look into the nature and theories of 
creativity. 

Factor Analysis 

While Spearman gave two factors theory, Garnet gave his 
three factor theory. Guilford proposed 120 mental factors 
and in 1957 suggested a three-dimensional structure of 
intellect model. 

S-R Theory of Creativity 

Mendric (1962) defines on the basis of stimulus and response. 
Thus he suggests that divergent people tend to link stimuli 
with highly unlikely responses, whereas in most people any 
particular stimulus is usually linked with response which it 
has most frequently paired in the past. He calls it happy S-R 
linkage (remote associations). 

Stages of Creative Thinking 

Wallas has given four stages of creative thinking 

(a) Preparation - problem investigation in all directions 

(b) Incubation — not consciously thinking 

(c) Illumination - idea flash 

(d) Verification - experiment and verification. 
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Identification and Measurement of Creative Talent 

Money (1963) of Ohio University has given the following 
approaches for identification of creative talent: 

1. Product created 

2. Process of creating 

3. Person of creator 

4. Environment in which creation comes. 

Measurement of Creativity 

Open-ended tests are known as creative tests. Thurstone 
(1950) has given test in his creative talent’. Guilford has also 
framed a battery of creative tests. Getzel and Jackson (1963) 


constructed the following tests: 

(a) 

Word association 

(b) 

Use for things 

(c) 

Hidden shapes 

(d) 

Last line in fables 

(e) 

Make up problems 


Mendric (1962) framed ‘Remote Association Test’. 

Education and Creativity 

Research projects have pointed out that creativity is a learned 
form of behaviour and education can play an important role 
towards the development of creativity (Getzel and Jackson 
1958, Torrance 1959, 1961, Schmadel 1960 and Parnes 
1958, 1960). 


Creative Problem Solving Course 

This course was adopted in the University of Buffalo. 
Students who had taken one semester course were superior 
to the matched control group (Osborn 1953). 
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Method of Teaching 

According to Torrance (1962) and Handon and Lytton 
(1968) formal and traditional method of teaching is inimical 
for the development of creativity. However, Ogilvie (1974) 
is of the opinion that creativity cannot properly develop 
either in extreme formal or extreme informal methods of 
teaching. Rousseau has written in Emile, “Let him not be 
taught Science. Let him discover it.” But discovery method 
is taxing and demanding on the lab, time and teacher. It is 
also a fact that all types of knowledge cannot be acquired by 
discovery method. Guided discovery is the possible answer. 

We can easily arouse curiosity and motivate students 
by telling stories of discoveries, by demonstrations in the 
classroom and audio-visual aids. We can encourage field 
work, library work, project work, individualized learning 
and scientific experiments. Computers are coming in the 
classroom but we have yet to design the computer-based 
curriculum. 

Suggested Change of Emphasis 

1. Process of science rather than simple information 

2. Concept formation instead of memorization 

3. Individualized learning instead of group learning 

4. Lab work as an integral part of science rather than 
separate theory and practical 

5. Science education for the world in future to face the 
problems of 21 st Century. 

Rais Ahmad (1971) reported about the ‘Creative Physics 
Teaching Project’. Though NCERT is conducting Talent 
Search Examination and awarding scholarships on the basis 
of it, the follow-up work of providing proper environment 
for development of creative talent is lacking. If we want to 
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develop creative thinking in our children, we can do more by 
changing the teaching-learning environment rather than by 
simply providing scholarships. 

Development of Intelligence 

Talent and intelligence are not the monopoly of any race, 
caste and creed. Nature has uniformly distributed it among 
all race, caste and creed all over the world and about 10% of 
the children in any population are supposed to be intelligent 
and talented in one field or other. According to a leading 
research intelligence has been classified in eight sub-groups 
as given below: 

i) Verbal intelligence — It produces excellent performance 
in languages. Creative writers, poets and orators come 
in this group. 

ii) Logical intelligence - It produces excellent performance 
in Mathematics, Science and Social Science. 

iii) Spacial intelligence - It produces artists, painters, 
sculptors, cinematographers, graphic designers, etc. 

iv) Rhythmic intelligence - It produces singers, musicians, 
dancers, composers, etc. 

v) Kinesthetic intelligence - It produces sports persons, 
actors, film directors, etc. 

vi) Interpersonal intelligence - It produces managers and 
leaders in all walks of life. 

vii) Intrapersonal intelligence - It is related to extraordinary 
power of introspection through meditation which is 
required to become leading religious gurus and saints 
who are capable to guide people to peaceful and 
prosperous life. 

viii) Natural intelligence - It is related to the development 
of basic instinct through five senses. The taste buds of 
some people are developed so much that they become 
tea-tasters. Some people have extraordinary sense of 
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smell and hearing. Generally the sense of hearing and 
touch are well-developed in blind people. Five senses 
in children can be developed through exercises only up 
to the age of 5 years. Few pre-primary schools in India 
take care of this aspect. 

Identification of Talent 

Talent and intelligence in children are the product of his/her 
inheritance i.e. what he/she got from parents through DNA 
and the environment and training at home and school. So 
it is the duty of parents and teachers to identify the talent 
of each and every child through convergent and divergent 
tests as early as possible. Once the talent is identified, it is 
the duty of parents and teachers to provide proper training 
to the child in the field. They should make the talented 
children participate in regional, national and international 
competitions. 

Development of Creativity 

Talent development requires intensive training under able 
guidance for display of excellence in the particular field. In 
many countries such as Russia and China, there are special 
training centres for talent development in the field of games 
and sports. Talented children are streamed very early right 
from the age of five to six years. As creativity is learned 
from behaviour, special training in divergent thinking is 
essential. Creativity in science can be promoted by adopting 
investigative approach in teaching learning science. Students 
should be encouraged to take up individual and group 
projects through guided discovery method. 

The students should be trained to analyze problems 
independently, frame hypothesis and test the hypothesis by 
conducting experiments at least twice before generalizing 
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the results. Too much direction of what to do and what not 
is inimical to creative thinking. 

If we follow the above mentioned procedures, there will 
be no dearth of creative writers, poets, musicians, singers, 
artists, painters, sports persons and scientists in India who 
can win awards at international level. 

In absence of any mechanism to identify and promote 
creative talent at school level, millions of talented children 
go unidentified and their talent is lost in oblivion. 

The Task Ahead 

• Designing of age appropriate intelligence tests and 
divergent tests for each group 

• Availability of all types of test materials in schools 

• Designing of teacher training modules to identify the 
gifted child and promote creativity 

• Inclusion of this module in pre-service and in-service 
teacher trainings 

• Establishment of centres of excellence for each category 
of gifted child. 
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Annexure-I 


QUESTIONNAIRE 

For farm visit 

1. What crops do you grow? 

Kharif with time of sowing_ 

Rabi with time of sowing_ 

2. What high yielding verities you use? 

(a) Crop 1_ 

(b) Crop 2_ 

(c) Crop 3_ 

(d) Crop 4_ 

(e) Crop 5 , . I | 

(f) Crop 6_ 

3. How do you prepare field and sow seed? 

4. What is your Manuring schedule?_ 

Crop 1_ 

Crop 2_ 

Crop 3_ 
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Crop 4_ 

5. What is your irrigation schedule?_ 

6. What crop protection measures do you take?_ 

7. What is your harvesting and threshing process? 

8. How do you store the grains?_ 

For Dairy Farm Visit 

1. What breeds of cattle are there?_ 

2. How many cattle are there? _ 

3. How many are lactating? _ 

4. What is the present milk production? _ 

5. What is the schedule of milking?_ 

6. What is the feeding schedule?_ 

7. What are you doing to maintain breed?_ 

8. What is the in immunization schedule?_ 

9. How frequent is the visit of veterinary doctor? _ 

10. How marketing of milk is done?_ 

















QUESTIONNAIRE 


For Poultry Farm Visit 

1. Breeds of birds 

(a) Meat Purpose_ 

(b) Egg purpose_ 

2. How sheds are maintained? 

3. Bird population in the farm 

4. Production of the poultry 

(a) Meat purpose_ 

(b) Egg purpose_ 

5. Feeds used_ 

6. Immunization schedule 

7. Disease prevention and control 

8. Information about hatchery 
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Write down the formula of the compound formed by the combination of 
Basic Radicals and Acid Radicals 
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VERTICAL SLIT SCREEN: A TEACHING AID 

Introduction 

The new education policy promises education for the future, 
education which will prepare children to tackle the problems 
of the 21st century. With the advent of nuclear and space 
age, the change in the scientific world today is bewilderingly 
rapid. A person cannot foresee exactly as to what knowledge 
he will need in the 21st century to meet his life’s problems. 
He can, however, develop the attitudes and abilities that 
will help him meet any future problem creatively. So there 
should be an emphasis upon scientific enquiries as a way of 
knowing rather than mere information, 

Physics teaching in the secondary schools should lead 
to an understanding of the physics underlying everyday life. 
The old proverb, “Hear and forget, see and remember, do and 
understand,” is the clue to developing this understanding. 
Lab work should be an integral part of class work, without a 
clearcut demarcation of theory and practical at least up to the 
secondary level. Practicals should be used to raise problems, 
develop specific technical skills and provide discovery 
opportunities. It should provide a conceptual framework 
of showing how theoretical knowledge is acquired experi¬ 
mentally and how theory in turn directs and illuminates 
experimentation. 
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Teaching Light 

Take for example the chapter on light. It is usually taught on 
the blackboard, first with the help of straight lines drawn to 
represent the rays and their behaviour, when there is abun¬ 
dance of sunlight outside the classrooms. The practicals 
usually consist of verifying laws of reflection, refraction, etc. 
by pin method. The young students being introduced to the 
scientific aspect of light never see either the beam of light or 
its behaviour. These experiments are useless for the young 
students below 13 years of age who are in Piagets concrete 
operational stage of development. The concept of rays, their 
behaviour i.e. reflection, refraction, convergence, divergence, 
etc. cannot be understood well unless the students themselves 
handle the beams of light and observe their behaviour. Most 
of the experiments suggested in textbooks, with the help of 
torch light, smoke chamber, water trough, etc. do not work 
well in the classroom conditions. 

Light Ray Box 

In the western countries, light ray box is a teaching aid used to 
produce thin beam of light in the classroom conditions. This 
consists of a box with an intense source of light inside it and 
vertical slits on its side walls. The thin beams of light coming 
out of these slits are sharp enough to demonstrate reflection, 
refraction, etc. in the semi-dark condition. Availability of 
such a gadget and working with it under Indian conditions 
is difficult. So, for many years, I was in search of a simple low 
cost alternative suitable for Indian classrooms. 

Vertical Slit Screen 

After a lot of trials with different sources of light and 
different types of wooden and metallic slit screens, 1 have 
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found that a simple vertical slit cardboard screen works well 
in the natural sunlight. Sunlight is a nature s gift to us and is 
abundant all over the country. The vertical slit screen (VSS) 
is a simple low cost teaching aid which the students can 
make themselves with a little guidance. 

Construction of VSS 

Take a cardboard 50 to 60 cm long and 20 to 25 cm broad. 
Give two folds, so as to divide it into three equal parts (Fig. 
1 ). 



Cut a window of about 12 cm x 8 cm on one side of the 
middle cardboard (Fig. 2). 
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Make 8 to 10 cardboard strips of about 13 cm x 0.5 
cm size. Make sure that the side edges of these strips are as 
straight as possible. Draw straight lines before cutting and 
take the help of blade and scale to ensure straight cuts. Now 
arrange these strips on the window previously cut, about 1 
mm apart so as to make the thinnest possible slits. Fix them 
with the help of cello-tape or gummed paper piece (Fig. 3). 
The VSS is ready to be used. 



Working with VSS 

Take a white drawing sheet fixed on a drawing board 
preferably made of double cardboard. Place the VSS on the 
drawing board so as to stand upright with the slit window 
downwards. The VSS should be placed in the sun so as to 
provide partial shade on the drawing board (Fig. 4). 
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Plane Mirror 


Glass Slab 


Biconvex Lens 


Fig. 4 

Observe the sharp thin beams of light coming through 
the VSS. Now place a plane mirror to receive the thin beams 
and observe the reflections. Also, place a glass slab across the 
thin beams and observe the refraction. If a slit is made in the 
drawing board in order to insert half the concave and convex 
mirrors and lenses, by turn, the convergence and divergence 
of rays will be better. The beams of light will be more 
horizontal and bigger in the early or later hours of the day. 
The students should be asked to handle these experiments 
themselves and write down the conclusions. The theory and 
laws of reflection, refraction, etc. can be derived with the 
help of discussions. 

The VSS can work well in the classrooms also in the semi 
dark condition with an artificial source of light. A 100 watt 
AC bulb or a car bulb with 12 volt DC battery has proved to 
be a good source of light. A reflector should be used to direct 
all the light towards the VSS. 
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BOTANICAL GARDEN 
FOR SCHOOLS AND COLLEGES 

I have seen teachers who take enormous pains in drawing 
sketches, explaining charts and demonstrating models to 
teach plant morphology in the biology classes, but fail to 
convey the fundamental concept of plant forms and shapes. 

I have found that teaching of botany, specially 
morphology is very interesting, exciting and effective in 
the school garden rather than in the classroom. In order to 
make this type of teaching more systematic and less time 
consuming, planning of the garden is essential. 1 have 
planned and planted a small family-wise botanical garden, 
alphabetically arranged in Netarhat Residential School. It 
has proved highly suitable for teaching purposes. 

The Layout Plan : Considering that it is difficult to find even 
number of families in each alphabetical group or plot, it has 
been found convenient to demarcate only 12 plots, instead of 
26, each having two letters, except in the last which has four 
(Fig. 1). Mostly shrubs and small trees have been selected 
in order to accommodate greater number of plants in the 
available space. Each plot has been divided in four sub-plots 
(Fig. 1). The smaller plants have been planted in the front 
portion, while the taller ones on the back. 
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In order to break the monotony, the climbers have been 
put in the middle on and along both sides of the middle path 
(Fig. 1). Tall stakes have been provided for the climbers. In 
order to beautify it more, the middle path can be covered 
with wire net, so as to convert it to a parabola covered with 
climbers. 

The list of the plants in each plots is given below: 

Plot AB 

Small Shrubs 

Altenanthera and Iresine (Amerantheceae), Tube rose and 
Haemanthus (Amaryllidacsae), Vinca, Allamanda and Raulfia 
(Apocynaceae), Alocasia (Aroideae), Begonia (Bigonaceae), 
Eranthemum, Strobilanthus, Barleria and Justicia 
(Acantheceae), Tecoma (Bignonaceae), Aralia (Araliaceae). 

Climbers 

Tecoma grandiflora, Campsis Chinensus, Bignonia Sp. 
(Bignonaceae), Beaumontia (Apocynaceaej, Aristolochia 
(Aristolochiaceae). 

Tall Shrubs and Small Trees 

Tabernae-montana, Carissa, Nerium, Plumeria and Thevetia 
(Apocynaceae), Cashewnut (Anacardiaceae). 

Plot CD 

Small Shrubs 

Perinial Zenia, Epatorium, Dahlia, Chrysanthemum, Gerbera 
(Compositeae), Tradescantia (Commellnaceae), Kalanchoe 
(Crassulaceae, Canna (Cannaceae), Cycas (Cycadeae). 
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Climbers 

Ipomea Palmata ., Argyeia (Convulvulaceae), Quisqualis 
(Combretaceae), Dioscoria (Dioscoriaceae), Lonicera 
(Caprifollaceae), Trichosanthus (Cucurbitaceae). 

Tall Shrubs and Small Trees 

Peach (Drupaceae), Cactus (Cactaceae). 

Plot EF 

Small Shrubs 

Ephorbiasplendens , JatrophaSp., Croton, Pedilanthus, Manihot 
and Acalypha (Ephorbiaceae), Azalia (Ericaceae). 

Tall Shrubs and Small Trees 

Ephorbia pulcherima, Recinus and phylanthus (Ephorbiaceae). 

Plot GH 

Herbs and Small Shrubs 

Dub grass, Lemon grass, Para grass, Napeir grass, Andropogon 
etc. (Gramineae), Pelargonium (Geraniaceae) 

Tall Shrubs and Small Trees 
Sugar cane and Bamboo (Gramineae). 

Plot IJ 

Herbs and Small Shrubs 

Gladioli and Iris (Iridiaceae). 

Plot KL 

Herbs and Small Shrubs 

Mentha, Coleus, Salvia and Tulsi (Labiateae), Bauhinia 
acuminata, Crossandra, Desmodium, Mimosa pudica 
(Leguminaceae), Lilium (Liliaceae). 


106 


ACTIVITY-BASED LEARNING SCIENCE 


Climbers 

Asparagus, Smilax and Gloriosa (Liliaceae), Clitorea 
(Leguminaceae). 

Tall Shrubs and Small Trees 

Tefrocea and Cajanus (Leguminaceae), Yucca and Dracena 
(Liliaceae), Lagerstroemea, Woodfordia and Lowsonia 
(Lytheraceae), Caesalpina and Cassia Sp. (Leguminaceae). 

Plot MN 

Small Shrubs 

Maranta (Marantaceae), Mirabilis (Nyctaginaceae), Hebiscus 
sp., Acania and Gossypium (Malvaceae). 

Climbers 

Bougainvellia (Nyctaginaceae), Hiptage (Malphighiaceae). 

Tall Shrubs and Small Trees 

Memecylon umbelatum (Melastomaceae), Hebiscus mutabilis 
(Malvaceae), Magnolia (Magnollaceae), Guava and 
Callistemon (Myrtaceae), Musa Sp. (Musaceae). 

Plot OP 

Small Shrubs 

Teresterial orchids (Orchidaceae), Onetheria (Oragraceae), 
Argemon and Popy (Papavaraceae), Plumbago 
(Plumbaginaceae), Chinese Palm (Palmaceae). 

Climbers 

Passiflora (Passifloraccae), Antigonon (Polygonaceae), Jasminum 
grandiflorum (oleaceae). 
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Tall Shrubs and Small Tubes 

Areca Palm, Bottle palm and Fish tail palm (Palmaceae), 
Pears (Pomaceae). 

Plot QR 

Small Shrubs 

Clematis (Ranunculaceae), Roses and Raspberry (Rosaceae), 
Musanda, Ixora, Pentas, Gardenia (Rubiaceae), Citrus and 
Murray a (Rutaceae). 

Climbers 
Roses (Rosaceae). 

Tall Shrubs and Small Trees 

Prunus and Loquat (Rosaceae), Hamelia and Coffee 
(Rubiaceae), Tall citrus and Bel (Rutaceae) . 

Plot ST 

Small Shrubs 

Nicotiana , Solanum sp. Lycopersicon , Dhatura and Cestrum 
(Solanaceae), Russelia 

(Saxifragaceae). 

Climbers 
Atropa belladona (Solanaceae). 

Tall Shrubs and Small Trees 

Cocoa, Dombeya (Sterculiaceae), Solanum grandiflorum 
(Solanaceae). 


(Scrophulariaceae), Hydrangea 
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Plot UV 

Herbs and Small Shrubs 

Carrot, Cumin and Aniseed (umbelliferae), Pilea , Canibis 
(utricaceae), Viola Sp. (Violaceae), Verbena ,, Duranta and 
Lantana (Verbenaceae). 

Climbers 

Vitis (Vitaceae). Petria and Clerodendron (Verbenaceae). 

Tall Shrubs and Small Trees 

Holmskoildia and Vitex (Verbenaceae), Ficus and Morus 
(Utricaceae). 

PlotWXYZ 

Herbs and Small Shrubs 

Termeric, Mangoginger, Ginger and Cardamom 

(Zingerberaceae). 

Lower Plants 

A separate plot in a moist and shady location has been selected 
for lichens, Mosses and Liverworts on rocks. Different types 
of Ferns have also been collected and planted in this plot. 
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Note: Size of the plot will depend on the space available. 
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Learning science becomes a creative exercise only when the 
theoretical aspect is supported by actual experiments. This book 
advocates the importance of activity based learning science, for 
it prepares learners to become self-reliant critical thinkers and 
knowledge constructors. The approach holds the potential to 
not only develop a healthy bonding between the learner and the 
learned but also results in creating a positive teaching-learning 
environment. While engaging in such an activity, the skills of 
observation and questioning get enhanced which are crucial for 
the development of a scientific temper. Activity Based Learning 
Science , therefore, can serve as a guide to monitor the quality 
of teaching learning science for parents and school managers. 
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